Split-belt treadmills that move the legs at different speeds are thought to update internal 3 representations of the environment, such that this novel condition generates a new locomotor 4 pattern with distinct spatio-temporal features to those of regular walking. It is unclear the degree 5 to which such recalibration of movements in the spatial and temporal domains is interdependent. 6 In this study, we explicitly altered the adaptation of limb motions in either space or time during 7 split-belt walking to determine its impact on the other domain. Interestingly, we observed that 8 motor adaptation in the spatial domain was susceptible to altering the temporal domain, whereas 9 motor adaptation in the temporal domain was resilient to modifying the spatial domain. This 10 nonreciprocal relation suggests a hierarchical organization such that the control of timing in 11 locomotion has an effect on the control of limb position. This is of translational interest because 12 clinical populations often have a greater deficit in one domain compared to the other. Our results 13 suggest that explicit changes to temporal deficits cannot occur without modifying the spatial 14 control of the limb. 15 We are constantly adapting our movements to demands imposed by changes in the environment or our 17 body. In walking, this requires the adaptation of spatial and temporal gait features to control "where" and 18 "when" we step, respectively. Particularly, in split-belt walking when one leg moves faster than the other, it 19 has been observed that subjects minimize spatial and temporal asymmetries by adopting motor patterns 20 specific to the split environment (Malone et al., 2012; Iturralde and Torres-Oviedo, 2019). It is thought 21 that this is achieved by updating internal representations of the treadmill for the control of the limb in 22 space and time (Malone et al., 2012). There is a clinical interest in understanding the interdependence in the 23 control of these two aspects of movement because pathological gait often has a greater deficiency in one 24 domain compared to the other (Finley et al., 2015; Malone and Bastian, 2014). Thus, there is a translational 25 interest to determine if spatial and temporal asymmetries in clinical populations can be targeted and treated 26 independently. 27 Ample evidence supports that the adaptation, and hence control, of spatial and temporal gait features 28 is dissociable. Notably, studies have shown that inter-limb measures such as step timing (temporal) and 29 step position (spatial) adapt at different rates (Sombric et al., 2017; Malone and Bastian, 2010), they 30 exhibit different generalization patterns (Torres-Oviedo and Bastian, 2010), and follow distinct adaptation 31 dynamics throughout development (Vasudevan et al., 2011; Patrick et al., 2014) or healthy aging (Sombric   32   et al., 2017). In addition, several behavioral studies have shown that the adaptation of spatial measures 33 can be altered (Malone and Bastian, 2010; Malone et al., 2012; Long et al., 2016) without modifying 34 the adaptation of temporal gait features. However, the opposite has not been demonstrated. For example, 35 altering intra-limb measures (i.e., characterizing single leg motion) of timing such as stance time duration 36 (Afzal et al., 2015; Krishnan et al., 2016) also leads to changes in intra-limb spatial features such as stride 37 lengths. In sum, the spatial and temporal control of the limb is thought to be dissociable, but it remains 38 unclear if the adaptation of internal representations of timing can be altered and what is the impact of such 39 manipulation in the temporal domain on the spatial control of the limb.
Where T stride is the stride time (i.e., time interval between two consecutive heel strikes with the same 116 leg). By convention, T out is positive when the slow leg's step time is longer that the fast leg's one. T out 117 is zero during baseline and subjects in the feedback group were instructed to maintain this value during 118 split-belt walking. It has been previously shown that S out and T out are adapted during split-belt walking to 119 minimize spatial and temporal baseline asymmetries defined as S A and T A , respectively (Malone et al., 120 2012). Therefore, we also quantified S A and T A because these are adaptive parameters (Malone et al., temporal feedback even if subjects in these groups were not explicitly instructed to modify them.
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S A quantifies differences between the legs in where they oscillate with respect to the body. The oscillation 124 of each leg was computed as the ratio between two distances: step position (α) and stride length (γ) (i.e.,
125
anterior-posterior distance from foot position at heel strike to ipsilateral foot position at toe off). Thus, S A
126
was computed as the difference between these ratios when taking a step with the slow leg (i.e., slow leg 127 leading) vs. the fast leg (see Eq. 3).
128
The non-adaptive measure in the temporal domain T !A quantifies the difference between the slow and 140 fast leg's stance time durations, which we labeled as ST s and ST f , respectively. Formally expressed as:
Outcome measures 142
We computed steady state and after-effects to respectively characterize the adaptation and recalibration of 143 walking in the spatial and temporal domains. Both of these outcome measures were computed for each gait 144 parameter described in the previous section. Steady state was used to characterize the spatial and temporal 145 features of the adapted motor pattern once subjects reached a plateau during split-belt walking. Steady state 146 was computed as the averaged of the last 45 strides during the Adaptation phase, except for the very last 147 5 strides to exclude transient steps when subjects were told to hold on to the handrail prior to stopping 148 the treadmill. After-effects were used to characterize the recalibration of subjects' internal representation 149 of the environment (Roemmich and Bastian, 2015) leading to gait changes that were sustained following 150 split-belt walking compared to baseline spatial and temporal gait features. After-effects were computed 151 as the averaged value for each gait parameter over the first thirty strides of post-adaptation. We used 30 152 strides, rather than only the initial 1 to 5 strides, because we were interested in characterizing long lasting main effects were driven by differences between the feedback group and reference group in either domain. 169 We applied a Bonferroni correction to account for multiple comparisons in the post-hoc analysis, resulting 170 in a significance level set to α = 0.025. Lastly, we performed independent sample t-tests to determine if after-effects were significantly different from baseline since all statistical analyses were done with unbiased data (i.e., baseline bias removed). A significance level was also set to α = 0.025 to account for multiple comparisons. We used Stata (StataCorp LP, College Station, TX) for all statistical analyses.
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RESULTS
Confirmation of results supporting dissociable representation of spatial and temporal walking features.
Spatial and temporal gait features adapted and recalibrated independently when feedback was used to 176 alter the spatial control of the limb. This is indicated by the qualitative group differences between the 177 time courses of S out during adaptation and post-adaptation (top panels in Figure 2A and 2B Figures 2A and 2B) . Accordingly, we found a significant group effect 180 (p = 0.0047) and group by domain interaction (p = 0.0094) on the steady states of S out and T out . Post-hoc 181 analysis indicated that the spatial feedback only reduced the steady state of S out , (S → S : p = 0.0002),
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but not the steady state of T out (S → T : p = 0.3896). The dissociation between spatial and temporal 183 control was also shown by the after-effects of S out and T out in the control vs. spatial feedback groups.
184
Notably, we found a significant group effect (p = 0.0350) and group by domain interaction (p = 0.0418)
185
indicating a distinct effect of spatial feedback on the recalibration of T out and S out . While both groups 186 had after-effects different from zero (control group: p = 0.0003; spatial feedback group: p = 0.0164), the 187 spatial feedback reduced the after-effects of S out compared to the control group (S → S : p = 0.0031). In 188 contrast, spatial feedback did not change the after-effects of T out (p = 0.9042). In sum, spatial feedback 189 had a domain-specific effect: it altered the adaptation and recalibration of step position (targeted spatial 190 parameter) without modifying the adaptation and aftereffects of step time (T out ).
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The dissociation in adaptation and recalibration of spatial and temporal representations of walking was 192 also supported by the analysis of spatial and temporal features known to be adapted by the split-belt task, 193 but not directly targeted by our feedback. Namely, the spatial feedback also modified the adaptation and 
